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FOREWORD

This investigation was performed for the Directorate of MilitaryConstruction, Office of the Chief of Engineers (OCE), under Project
4A762731AT41, "Design, Construction, and Operations and Maintenance
Technology for Military Facilities"; Task 7, "Materials for Military
Construction"; Work Unit 001, "Corrosion Abatement Design Criteria."
The applicable QCR is 1.03.007, "Parametrics of Corrosion." The OCE
Technical Monitor is Mr. E. Hunt.

The study was performed by the Engineering and Materials Division
(Dr. G. R. Williamson, Chief), U.S. Army Construction Engineering
Research Laboratory (CERL).

Dr. L. R. Shaffer is Technical Director of CERL, and COL J. E. Hays
is Commander and Director.
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FFFECTS OF CORROSION ON MILITARY
FACILITIES OF THE PRESIDIO OF SAN FRANCISCO

1 INTRODUCTION

Background

Corrosion results in a significant drain on the Army's red; prop-
erty resources. A study of Army and Air Force installations has indi-
cated that 8 to 24 percent of real property maintenance expenditures are
corrosion related, depending on local topography and climate.' Since
corrosion rates a-e usually quite low, problems often appear long aiter
the facility is built. Corrosion-induced failures may be caused by (1)
improper design for the particular environment, (2) use of low-cost, but
high corrosion rate materials, or (3) lack of normal preventive mainte-
nance.

This report is part of an overall study of corrosion-related prob-
lems on military installations in various climatic zones in North and
South America. The Facility Urgineer organization and the Area Resident
Engineer organizations are being analyzed to determine predominant cor-
rosion problem areas, and to recommend research where the state of the
art is inadequate. Changes to Technical Manuals (TMs) or Guide Specifi-
cations are recommended when necessary.

Objective

The purpose of this part of the study was to analyze the deterio-
ration of facilities and subcomponents in a temperate seacoast environ-
ment. System components having either favorable or unfavorable per-
formance in this environment were specifically noted as being indicators
of superior (and usually cost effective) or inferior construction over
the long run. Maintenance or operational procedures which could
increase facility life at less cost were also investigated.

1C. Hahin,
3P 2A4"tio?, .. r" t orf -I... " P, Technical Report 77-17 (Air
Force Civil Engineering Center, 1977).

5



Approach

The Presidio of San Francisco was selected as the study site for
this environment. Supervisors of major work sections engaged in
corrosion-related work were interviewed. Key engineers were contacted
about maintenance and repair actions, including those accomplished in-
house or by construction contract. Deteriorated components were exam-
ined, and corroded facilities and equipment were inspected. Corrosion
problems were later analyzed to determine if existing technology or Army
procedures could remedy the difficulty.

Mode of Technology Transfer

Results of this study impact on TM 5-551K (AF TO 40P-I-131),
" " 2 , , S t , , and TM 5-b8OC, ',N ,hc i ,

(Recommended changes to these manuals appear in Appendices A and B,
respectively.) Other TMs and Guide Specifications which may be affected
are TM 5-810-1, HcaV"n:a, V'ntC* 2zt-oi mzZ Ai, C i h,','-f; TM 5-670,
.0' 7"ni' crcation, A 'r onC Con' rt ZOn- 1: -a', '!C .

n,, TM 5-625, TM 5-805, , TM 5-810-
5, Pw7§>ia; CE 251.01, Bu-i '?r'_ Ka-zrc; CE 301.36, Cen ,- Po',

"ron ystem; and CE 303.7, Aop>7 F .ctrical Dstvbu~i,:.
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2 ANALYSIS OF FINDINGS

Economic Impact of Corrosion at the Presidio

The Annual Work Plan of the Presidio served as a basis for dis-
cussion with first-line supervisors about how their workers spent main-
tenance time. Each supervisor was asked to describe the nature of his
segment of the Work Plan, and to estimate the percentage of each repair,
maintenance, or replacement action that was related to metallic corro-
sion. Each job was evaluated by the following criteria:

1. Was the failure or deterioration of a metallic component corro-
sion-induced?

2. Did corrosion of a component result in damage to the building

or its contents?

3. Was scale removed or scaled-up equipment replaced?

4. Was preventive maintenance, such as boiler water treatment or
cathodic protection, performed to reduce corrosion losses?

Construction contracts from FY70 through FY75 were evaluated by the
same criteria. MosL of the corrosion-related work is confined to main-
tenance and repair contracts. Only one Military Construction-Army (MCA)
project during the 6 year period analyzed was corrosion-related; a sewer
replacement project for $209,600.

An analysis of the Annual Work Plan revealed that plumbers, sheet
metal workers, heating mechanics, and exterior electricians spend a sub-
stantial amount of time on corrosion-related jobs. In terms of the Pre-
sidio's total operating budget (excluding Camp Parks and Troop Units),
about 10.5 percent of all Facility Engineer expenses are related to cor-
rosion. Similarly, about 8.9 percent of all construction contracts
(non-MCA) stem from corrosion problems. Tables I and 2 contain a more
detailed summary of these results.

Corrosion Effects on Systems and Components and Recommended Solutions

Deterioration of underground piping at the Presidio was caused by
fairly low soil resistivity (ranges from 1,500 to 6,700 ohm-cm) and long
burial times. Fixture replacement was confined to chrome-plated br'-
spouts anu various zinc die-cast handles. The brass alloys failed
because of general load-bearing section reduction caused by selective

7



Table 1

Summary of Facility Engineer C rrosion Costs
for the Presidio

z, Corrosion- Corrosion Tot-.l O erating
Work Section Related Work Cost (S) Costb (S)

Plumbing 55.7 196,649 353,124

Refrigeration 20.3 41,210 400,106

Heating Systems 22.5 5nQ,273 264,U00

Boiler Plant 23.1 53,432 23U,q12

Interior Electric 9.3 30,144 325,000

Exterior Electric 22.4 51,296 229,000

Water Plant 12.2 26,039 214,060

Woodworking 12.6 59,184 468,000

Metalworking 33.5 41,850 125,000

Painting *- 155,000

Roads and Pavements 0.9 3,510 390,000

tngineering Services 8.9A 56,797 638 17r

Preventive Maintenance 10 (est) 19,000 190,000

Hospital Support 4 (est) 12,579 314,496

Other Sections and - 1,923,090
S u p e r v iso ry O v e r he a d --1 _6 _2 _9 9 6

650,963 6,219,963

Overall Corrosion = 10.5

aExcludes Camp Parks and troop Units
bIncludes labor, equipment, and materials, FY77 dollars

*All wood and masonry structures
*Derived from 6-year maintenance and repair project averages

m mm mmmm ul~ii~mllni Iiiiii I I 8



Table 2

Corrosion-Related Project Totals (non-MC.A)
for the Presidio of San Francisco

Fiscal Year Total Contract S Volume Corrosion-Related Value

70 1,840,759 268,146
adjusted for inflation* 2,959,32U 431,088

71 1,436,105 84,755
adjusted for inflation* 2,085,085 123,056

72 1,926,862 150,936
adjusted for inflation* 2,444,109 191,453

73 1,230,133 159,058
adjusted for inflation* 1,428,234 184,672

74 1,139,478 162,602
adjusted for inflation* 1,231,011 175,663

75 3,076,278 72,882

Totals (adjusted) 13,224,037 1,178,814

Overall average: 8.9'

*Adjusted by comparing Engineering News-Record Construction Cost Indexes

for respective years, using FY 75 (December) as a baseline. Costs are
multiplied by ratio of FY 75 index to fiscal year index in question.
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leaching of zinc. Zinc die-cast handles failed either from galvani,_
action with the brass or steel valve stem, or by intergranular attack.
These failures can be abated by prohibiting zinc and beta-brass com-
ponents in applications which require superior longevity. Coppers, high
copper alloys, or red brdsses should be used for areas experiencing
dealloying of zinc.

Copper and galvanized steel were used for all aboveground pressur-
ized piping. Although plastic piping is corrosion resistant to most
waters, its use was restricted to underground waste distribution sys-
tems. Reasons cited for not using plastic pipe aboveground were (1)
brittleness caused by its exposure to sunlight, (2) the nigh coefficient
of expansion, and (3) insufficient durability during a fire. Plastics
used in underground piping were acrylonitrile-butadiene styrene (ABS)
and polyvinyl chloride (PVC). Personnel were concerned about the shelf
life and long setting times of ABS adhesives, and ABS piping had report-
edly been chewed through by rats. PVC pipe had not been penetrated.

The Repairs and Utilities TM 5-551K, , '.. .- : _ ';. I was
not used as a primary source of technical direction for maintenance ac-
tions. ather, a "national" code was used, although several codes claim
universal status.2 - ' TM 5-810-5 requires that initial system design comply
with the fr.i'o r_ IL >." of the International Association of Plumbing
and Mechanical Officials, but TM 551K does not specify a national code for
maintenance actions. The national codes should be referenced in TM 5-551K
and supervisory personnel directed to obtain copies (at Government expense)
of the prevalent code in their region. These "national" codes usually are
more progressive than local codes and allow use of more modern materials,
since they are revised annually.

Galvanized steel roofing was not extensively used throughout the
installation. Because roofing is either clay tile or built-up asphalt
layers on a wood base, deteriorat on of exterior sheet metal was con-
fined to guttering. Aluminum gutters developed pits caused by accumu-
lated salt fall, and plastic gutters degraded after prolonged exposure
to sunlight. Many of the plastic gutters cracked when ladders were

(International Association of Plumbing and Me-
chanical Officials, 19/b).

3 ,I, .1 ! , ., ,. (Southern Building Code Congress International
1976).
L. : 4, ,; , I ."P ,! : :,,- . ". (National Association of
Plumbing-Heating-Cooling Contractors, 1976).5

o V ' (Building Officials and Code Administrators In-
ternational, 1976).
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placed against them, presenting i safety hazard. The galvanized
guttering, whethe: original or replaced, was not specified with any
minimal zinc thickness.* The A)TM A25 690 Commercial Zinc Coating
class should be used as a minimum (0.90 0!/sq ft [275 g/mz ] ) require-
ment. Hot-dipping of formed sheets with zinc coatings ranging from 1.15
to 2.3:9 oz/sq ft (351 to 717 g/1i 2) in the triple-spot test' may be nec-
essary $or areas experiencing severe degradation, since forming sheets
will cause flaking of the thick zinc coatings. The base metal should
be a copper bearing steel, 0.2 percent copper minimum."

Another problem involving metal work was the constant need to re-
place galvanize,] vent stacks. 3ecause these vents are exposed to heated
furnace exhaust gases, they have an average life span of 5 to 8 years in
the salty air. A superior metal fcr long-life applications would be
commercially pure titanium in the fully annealed condition for for-
mability. Unlike the thin gauge galvanized steel, the titanium would
, ist both the oxidative eftects of heated gases and chloride attack.
FC; vent stacks requiring shorter life with less chloride exposure,
TT-P-38 Ready-Mixed Aluminum Pa)nt applied to galvanized steel is suit-
abls for tgmperatures up to 3UO F (149 C). For temperatures beyond
300 F (14q C), TT-P-28 Heat Resisting ,luminum Paint is indicated.

k ( I " * YIC

The use of zinc-chromated steel lock hardware or an unchromated
varnished steel causes a major problem at this location. Typical life
of this hardwar'e is 5 to 8 years. A similar situation exists for steel
butt hinges exposed to salt air. Door closers also have a reduced life,
caused mainly by internal moisture accumulation. An all-brass lock has
a typical life span of 16 years at the Presidio. However, many of the
so-called "all-brass" locks (passage, dead bolt, anti-jimmy) supplied by
the General Services Administration (GSA) contained steel parts, es-
pecially where strength was a requisite. This can be a worse situation
than one in which the components are all-steel because the manufacturer
has substituted steel for critically-stressed parts. Steel corrodes at

* NOTE: CE 220.08, General Sheet Metalwork, does not permit selection
of -2Ivanized gutters. For "corrosion Iccations," this specification
selects copper or copper-clad stainless. However, the copper-clad
stairless is so thin (0.015 in. [.3310 mm]) that any discontinuities in
the thin copper cladding would lead to severe pitting where salt fall
uccurred, such as at the Presidio.

6 ASTM Standard A525-75, Aumz, :!,: ,> , , w-, (Part 3) American So-

ciety for Testing and Materials (1976)
7 F. LaQue, "Corrosion Testing," T'p;,,-ch' " < ,A."'', Vol 51 (1951), pp

495-582.

11



1 to 2 mpy (0.025-U.05 mm/yr) compared with O.U21 mpy (5.25 x 10- 4

mm/yr) for cartridge brass, ',9 not taking galvanic action into account.

Aluminum framing for dust filtration of intake air was badly
pitted, and in several cases, completely corroded through. Dust filters
accumulate the salt-laden air, and eventual evaporation concentrates the
salt, resulting in a very saline dew. When a new hospital complex suf-
tcred framing failure after only 2 years, Facility Engineer personnel
attempted to replace the framing with austenitic stainless steel, but
evidently received a ferritic or martensitic grade (personnel stated the
material was magnetic). This is an example of material substitution
granteo by nontechnical purchasing agents. In this location, a
copper-nickel alloy (67 percent Ni, 33 percent Cu) would probably sus-
tain less pitting in creviced areas than stainless steel.

Difficulties were also reported with rapid deterioration of alumi-
num evaporator and condenser fins, especially when coupled to copper
tubing. "Spine" fins were also severely degraded. In general, these
fins could not be brushed and should be prohibited in saline exposures.
All-copper fins and tubing are mandatory for this location.

I ric !itrhw o img

The principal difficulty at this site was the high resistance
caused by corrosion at aluminum conductor drop lines which lead to the
main circuit-breaker panel. The aluminum service drop at the weather
head apparently accumulates moisture and overheats because of section
loss or shorts. Neither the manufacturer of the weather head nor the
type of wire insulation is known.

Another difficulty was caused by the failure to install ground rods
when cast iron water mains were replaced with plastic. This left the
seemingly grounded cold water pipe in a state where current may not
drain away, depending on soil moisture conditions and the depth of the
steel-plastic joint.

8 H. Copson, "Long-Time Atmospheric Corrosion Tests on Low-Alloy
Steel ," Pr(oe( c!iuq i ,,''',, Vol 60 (1960), pp 650-665.
C. Hummer, C. Southwell, and A. Alexander, "Corrosion of Metals in
Tropical Environments -- Copper and Wrought Copper Alloys," .... " '

Sr-) ,i r t{.n, Vol 7, No. I (1968), pp 41-47.
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The principal corrosion problems in these systems are corrosion of
iluminum conductor/steel-reinforced (ACSR) and copper conductor splices
oil the deterioration of transformer cases.

Electricians at the Presidio use two types of connectors to join
aluminum to copper. In the first method, a compression connector (with
conductive grease) joins the aluminum to a copper pigtail, which then
connects with a split bolt joining the copper cable. Split bolts are
never retightened because of the danger of exceeding the flow stress
where relaxation will occur; rather, they are simply replaced. The
second connector is a wedge-shaped compression device which joins the
caDles by explosive force, requiring a powder-actuated tool. Its supe-
riority in this environment may stem from permanent seizing induced by
friction heating and extremely high compressive stresses at points of
sliding impact. (See Figure I for details on this connector.) The use
ot compression-type splices in humid and saline areas should be empha-
sized in TM 5-680C. However, various proprietary connectors must be
compared in several humid locations under monitored conditions of
amperage, temperature, and dew point, before any particular connector
can be endorsed.

Transformer cases require frequent repainting because of salt air
and dew accumulation. In several instances, actual penetration through
the case occurred. Since it is difficult to completely remove products
iithout reducing case thickness, an economical coating system would be
TT-P-615 Basic Lead Silico Chromate Primer Coating, Type I (Oil) or Type
V (Oil & Alkyd), with a TT-E-522 Lustreless Phenolic Enamel, which has
good resistance in humid seacoast areas. For extremely corrosive
locations, use of MIL-P-38336 Inorganic Zinc Dust Primer and MIL-C-38427
Urethane or Epoxy Top Coating is indicated, although this coating system
requires more careful surface preparation.

Leakage of raw water from heat exchangers was thought to con-
taminate boiler condensate. Conductivity should be tested periodically
co determine if such a condition exists. Conductivity monitoring might
De considered for new construction at key system locations. Inability
to treat the water for low pressure boilers was also reported, as was
damage to sodium silico fluoride injectors used for fluoridation of

13
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Figure 1. Powder-actuated compression-type fastener. Heat
generated from friction, combined with mechanical
seizing, may account for reported longevity of
this connector. Conductive grease is also used.

drinking water. A suggested alloy for these injectors is Monel 200* (67
percent nickel, 31.5 percent copper, 1.25 percent iron), which has good
resistance to any hydrofluoric acid (HF) which may form.'" Another al-
ternative is AISI 316, which has good resistance to hydrofluosilicic
acid (H2 Si F 6), although pitting may develop.'

* "Monel 200" is a proprietary alloy manufactured by Huntington Alloys.

Monel indicates a 67 percent Ni 33 percent Cu nominal composition.
In addition, The American Water Works permits Hastelloy, rubber linings
and several inert plastics like Teflon and polyethylene (F. Maier,
"Fluorides in Water," McGraw Hill, 1971).

R. Swandby, "Nickel Base Alloys," - ' o$f ctc n.'
A 1!',, /, ASC Monograph 158 (Reinhold, 1963), pp 522-524.10 C. Paul and J. Moran, "Stainless Steel ," i , ,vu Yosiso' o

fctalr ir >,/ oASC Monograph 158 (Reinhold, 1963), pp 393-394.
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3 FACILITY LIFE-CYCLE MAINTAINABILITY

Certain organizational impediments to effective corrosion control
found at the Presidio were also typical of problems encountered at other
Army installations.

Maintainability of Construction

The District Engineer is responsible for the timely completion of a
Military Construction project, keeping a close watch on cost growth,
whereas the Facility Engineer is more concerned with maintainability.
These goals may not necessarily be convergent. A continual, positive
interplay must exist between the District and Facility Engineers so that
new construction does not repeat the errors of the past. Both short-
and long-term information regarding facility maintainability problems
discovered after acceptance can significantly contribute toward improved
construction. Long-term feedback is particularly important since corro-
sion problems often surface many years after the facility has been in
use.

Both the Army and the Air Force have various short-term construc-
tion deficiency reporting mechanisms, but there is no Zi*j-cycZe defi-
ciency reporting system at present. A life-cycle reporting system pro-
posed by the Directorate of Facilities Engineering (DAEN-FEM), OCE,
suggests that recommendations for facility improvements be forwarded to
major commands rather than the District.12 However, corrosion is a
region-specific phenomenon, and therefore is better controlled through
on-going dialogue between the District and Facility Engineers. This
dialogue could be accomplished by having the Facility Engineer submit an
annual consolidated installation summary of facility maintainability
trends (regardless of facility age) to the District, with information
copies to 0 CE and major commands.

The advantages of a regional life-cycle reporting system are multi-
ple, especially for corrosion problems. A regional system avoids uni-
versal adoption of specific materials, products, or procedures (mini-
mizes manufacturer endorsement problems). A cost comparison of
alternate materials could be taken into account, since prices vary
depending on source of manufacture and shipping rates. Historical
precedents for specification of a successful material would be provided

- .z particular nm< ion, and would be grounds for rejection of other
materials because of their documented failure in certain applications.

12 DAEN-FEM message dated 012106Z Dec 76; Subj: Interim Change, AR 420-
10: Construction Improvement Recommendation.
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Material Substitutions and Intended Facility Life

The superior material for a given application is one that has suf-
ficient corrosion resistance which complements its mechanical or other
required properties. However, other materials may be substituted during
procurement, especially when acquisition price is the determining
factor, and not the corrosion rate or long-term cost. This is particu-
larly applicable to bench stock replacement items which are not subject
to rigid material specifications. Although the lot-priced item seems
equivalent and apparently less expensive, over the long run these com-
ponents may have to be replaced several times, involving installation
and procurement costs. Since corrosion rates vary with location, deter-
mining the cost effectiveness of replacement component parts may take
several years. This can be accomplished by noting demand levels for
various items over the years, or studying specific high replacement
items in designated buildings, and noting differences in lifetimes of
parts of generic equivalence.

Inferior materials are often used on buildings and structures which
are kept long beyond their intended lifetime. In many cases, there is
no rigid disposal schedule. If intended facility life is short, there
is reluctance to use a superior material. This attitude persists
because of the advanced physical age of many Army facilities. However,
if labor force levels are reduced in the future, components must have a
longer life since personnel may not be available to replace the
shorter-life component.

16



I4 CONCLUSIONS

1. The Facility Engineer of the Presidio allocates about 10.5
percent of his resources to corrosion-related work, including preventive
maintenance, repair, and replacement actions.

2. Approximately 8.9 percent of all non-MCA Presidio maintenance
and repair contracts are the result of corrosion. This percentage was
obtained by adjusting prior year corrosion costs for inflation, adding
them, and then dividing by total adjusted maintenance and repair con-
tract values for the 6-year period analyzed.

3. Underground piping and potable water distribution systems
incurred substantial losses. Atmospheric deterioration of exterior
metal components was due to airborne salt fall.

4. Dealloying of thin-wall brass fixtures and failures of zinc die
cast handles were common occurrences.

5. Although galvanized steel was used extensively, no attention
was paid to zinc coating thickness specification.

6. Coated steel locks and hinges required frequent replacement
because of corrosion. This problem was compounded by the inability to
obtain the required all-brass components from GSA.

7. Aluminum condenser and evaporator fins deteriorated rapidly,
decreasing heat transfer efficiency. Pitting, crevicing, and gener-
alized attack occurred, especially with aluminum fins on copper tubing.

8. The corrosion of aluminum conductors joined to copper caused
difficulties for electricians.

9. Formal mechanisms to provide feedback between the design agency
and the inheriting maintenance organization on long-term corrosion-
related deficiencies do not exist.

17



5 RECOMMENDATIONS

1. Closer controls should be placed on stocking the proper
replacement parts for specific buildings, especially considering
intended lifetime. It is not recommended that the best alloy always be
used, but rather that a superior alloy or material be designated only
for buildings that will require long-term service. This implies stock-
ing multiple types of a generic item.

2. It is recommended that life-cycle cost rather than initial cost
be considered. The life-cycle cost can be roughly indicated bv w~tching
demand levels on specific replacement parts over a period of years.

3. A facility deficiency reporting system which feeds long-term
system life information back to the District from the Facility Engineer
should be considered for adoption. This will permit formal dialogue
between construction and maintenance forces, and will provide the Dis-
trict with design information regarding facility maintainability.

4. Several sections of TM 5-551K (AF TO 40P-1-1-31) and TM 5-680C
should be revised in accordance with the recommended changes listed in
Appendices A and B.

18



APPENDIX A:

RECOMMENDED CHANGES TO TM 5-551K
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Pavi 1 of 6

RECOWENDED CHANG-S TO PUBLICATIONS AND - ATF
BLANK FOR ,S I" .' H .. V . ',. . in,F , . . . ,f , , I . .. . 3 1 G- . , 1 o,-. h . U S c 2 9 ! n 1 7 7

A-ry AJ, , C

10: 11~ '1,-.ZpI- FROM ' ''

Commandant US Army O:tr:;Ction [n,ineering
US Army Lr:,:jirieer School >r' earc i 3Lor t,) ry
Fort [elvuir, VA 22060 Ch'oaion, I1

PART I - ALL PUBLICATIONS EACEPT RPSTL. A'.D SC 5V AND BLANK FHN';.S

PUBL.CAT ION Fok- NUMBER D
A 

TE TITLE

TM 5-,51K (AF TO 40P-1-131) July 1971 Plullinq and Pinefitting
ITEM PAGE PARA- LINE FIGGIBE TARLE (ECU-ENUED CHArNGES AN* RQFASZN

NO. NO. GRAPH NOC NO NO. (Ef.t ' d~ r ,4 ecrr,,e-t1 hs.e ...., I 'd

1. 4-1 4-la(l) 6 Delete "where liquids may corrode or". Add: 'For
handling acidic corrosives, high silicon (14-) :ast
iron should be used. For strong caustics under
pressure, use r'onel or nicktl-bcaring austenitic
stainless steels." '1E, NN Unless a rioorcus
cost analysis and provisions to replace tie cast
iron pipe are r:ade, hinh silicon cast iron has
marked corrosion resistance to strong acids com-
pared to gray cast iron. It will handle most
alkalie- well, except for stress corrosicn cra:kinq
due to caustic eobrittlement. The nickel-base

alloys and higiher nickel austen:tic stainless
steels will tolerate high causticity under stress.

2. 4-8 4-18 Add: Place asterisks on nround ioint uninn caotion
and flange union caption. ,dd to Figure 4-18 des-
cription: "*Also available with dielectric gaskets
and bolt sleeves for coupling dissimilar metals;
similarly, dielectric ground joint unions are also
manufactured," REASON: Availability of this fitt-
ing variation should be made known to decrease
galvanic corrosion of pipe junctions in corrosive
media.

3. 4-16 4-23b 3 Delete "will not rust, rot or corrode." Insert
"is not corroded by most natural and treated
waters. Some plastics are suscepLilo, to degrada-
tion by certain stronq acids, organic solv.:nts and
sunlight. They are also subject to embrittlerent
at freezing temperatures." REASONl: Statement is
too general and misleading to the unifor:ied reader
regarding limitations of generic plastics. Plasic
like metals, are environment-sensitive nd should
not be thought of as a cure-all for corrosion pro-
blems. There art. circumstances where plastics
will "rot and corrode."

IR~t,'rl ~ -- 7 to 'nntt r ,thtn th,, i-] ," r "r -1 h .rt -;

TYPED NAM. RAUE:OR TITLE 'ELE--'.cE j.7'-.N, -Z" 3-
PLIU E x TEN:'1 N

CHRISTOPHER HAHIN ~'
Corrosion 'letallurgist (217) 352-6511, Ext 216 (,

DA 20,, ..2028 ........ .. .. ... . . ....... ".....
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Paqe 2 of 6

RCOMAENDED CANGES TO PUBLICATIONS ,sND n-,
BLANK FORMS t t.' , . f

F f " -op,. ,., Af W 5. ' P'oO ~eg' , US (.i , ,, , . " 110: 1
A-"y Ad!.pon Ce~' C......

TO: q f,-., O,; I m - F

PART I - ALL PUBLICATICNS'zXCEP I PSiL LI SC "' AID BLA'4' F s

PUJL&ICATO'I F 000 NIJMBLH I

TM 5-551K (AF TO 40P-1-131) luly 1971 f .. ',i ,ni V ,fittin

ITE:M PACE pARA- LINE jFIlOUPE TABLE

NO. NO. GPA P N NO NO. i NO F ,

4. 10-4 10-4 i'dd as a r,,ot' , W 7 .l 4: 'Water ,,,,cities
dbove 7 fee! per ic 'rnd ' CorO r pl i ,q r 'V

result in itLern.] orosi n :rroSicr dara 'e.

5. 12-3 2-5c 10 Add to para C: "Fr b.ri si-nq of cas pipe
that have t i ro I ,ron ticr a ,liud, protectc d
areas may require We .,pars to ,i tin LOntinu-
ity, bypassing the nigher resistnce Dresser
ioupling."

6. 10-8, 0-8 FFASON: Tni porraoh 'equires complete revision.
10-9 Several corti' rharis are inc'Ilet,,ly ey-

lplained and other forms of corrosion that pluriers
encounter (tesicds qolvnic and g eneral attack) are
not mer:l oned. Th-e are more wiys ,f cniatting
(orrosion thn the tw Prhocs listed, lhc expla-

* l nation of i vi( frrI , I'. tor ha i q of dif-
ferent elec rical Cd IS Iv11vn i si q. Gal-
vanic diffren , usua]iv sto from innerent a]-
li stability or frmtion of adrierent surace
filmns. For w_,impllle. titani ume ha~s poo¢r JAL.S conr-

ductivity, b t hin far qsperir :e-forma~e in salt
water than iron (a fair eiectrical clInductor). The
description of corro , aq a rep] at'no process in
piping l may hold for t, daIloyinq of Crass, but in
"oSt cases the iron forn . all involunle corrosion
product. Oyvgen conteot, pH, and velocity effects
are not discussed. Irprossed-current cathodic
protection, superiot alloy section and liner mate-
rials are not mentioned as auditional preventive
I.ethods. SUIGLSIF:1 RLVISI ON: "a. Corrosion is
the degradation of a material or alloy by its
environnent. Plumbers replace large quantitie, of
pipe because of corrosion, especially in 1ried
and above ground water u;pply piping. Spocral
forms of corrosinn are en(ounterr, d by plun'bers

besides uniform attac., wnith results in thinning
of pipe wolls.

TYPED NAME, GRA.E OR TITLE TELFIP NF k I.O .1 O, t N, Sa6NA' E
PLUS [ , - ION

D A , o ,.RM 2 0 2 8  0.. . . ... .. 2 0 ... - 11. L ... ..
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Paqe 3 of C
RECOMMENDED CHANGES -1O PUBOLICATIONS AfND A

BLANK FORMS n7-., T TL
Fo.,,. .1 .f, ... AR3C, 1, (*,.

(CONTINUATION)

PART I-ALL PUBLICATIONS EXCEPT RPSIL AND SC F'AD~L' ORMS

POPLICAriON ECO3M NJMFFR CATE

TM- 5 -551K (AF TO 40P-1I -131) July 1971 lbn and" Pipefit'tir

ITEM PAGE 7AMA N11,p-F TA9LE RECOFC(OANGEANQSNREAS,
NO. NO GRAPl, NO NO 10 'E.- -d-4 .

These other fcr!-s of -orrosion are (l ) iavanic
attack, (2) pi'tinrj, (3) crevice Corrosion, (4)
erosion corrosion, (5) dedllaying, (6) 'Intergra-u
lar corrosion and (7) stress corrosion.

(1) The uniform corrosion of steel increases
when the amount of oxygen, the, temperature, and ,,
acidity increase. Since irost potable water is ni<.
highly acidic, phs less than '4 would be found
mostly in undrinkable process water.

(2) Galvanic attack occurs when two differert

metals are mated by threads or flanges. The
severity of the corros ior, depends on how tne tw-
metals behave in water or soils. How lena a dis-
similar joint will last can be roughly predicted
by a gaivdnic series. The greater the seoaration,
of each metal on the series, the more likely gal -
vanic corrosion will take place. A rougn galvanic
series for commson plumbing alloys is as follows:

inactive metals Gold, silver
Titanium
Stainless steels (austenitic)
Nickel alloys
Bronzes
Copper and brass
Tin
Lead
Cast iron
Mild stcel
Aluminum alloys
Cadmium
Zinc

active metals Magnesium

This is avoided by dielectric fittings or by

TYPED NAME. GRADEF OR TITLE EF.NEEC U ATV , SI AUE

fl ORM -Pt*CF% DA 10OI./)26 t DEC . -C -- OL USW
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Page 4 of 6

RECOMMENDED CHANGES 10 PUB3LICATIONS AND r. T 1'-', d C
BLANK FCIP.k.S

A- Ad,--~, G--i, C-.'., -

C CC-J TN AT ION

PART I-AL L I.BL ICA TION, x'C, . P T P1 r o' SC SVIAN L.~d [ii.. O R

PIJP ATAION rCOM N ;MHER 11AF I I_ ______

T!A I-5K ( AF T,) 47t-1 J1 19'7I'J1 L ___ n ' i -ip- ie

1 1r 1) S!aII a d sII
COrri . "11 L; CrJ1 I bYtt
t-rdenci, of 0 . i .n -,r1jIL1r'

esss t -jrc- iri al in Zp m
to p I L Slnc0t 1 S 'gr dIffl jt to
change envirun''-nt, '5 tt to subA"lite a
material that does oct p Wt.

(4) Crevir-e corrosinn occurs .w ccnditiurs
in the pipirj sfste,.' a? e ti,'t u~ijforiTI, iuualy
caused by the pinino dej~jn Gakets arp cor-ifl
places whEore o~jrger~ is partial ly eaclu,.od, but
water is nut. "a s ots; , i fh a wickuinj action
(porous) often suffer crev'ice1 corrcsicn. ;'mproce-
ly welded seamsl Whi~h do not coI-rletrlv seal Ou.t
moisture are als.o Susceptile.

(5) Erosini corrosion oc(urs vodor the vel'cit,,
of the water ecOiCII a c-rt~ncritica l value. ;
metal cannot replace it,, to ctecti.'o filri hecau-- i
is being swept ato'av. (C1,ir is esp-cia1ll# susco- I
ti ble to ecs icri corrosion. 0..cor-en(ced wa-,, tc
stop, the gull ik- attack of erosion c.crrosior 3r.j
to reduce pres~ure, nceo'pipe diaietee or
eliminate sharp Ponds. substitution of steel wa
bhe necessary.

I (6) Doallcyingq is a form of corrosinn that is
usuallv found in hooror cas t iron. In Lrass
alloys, the zinc leachos out leavir-g a weak sponqv
coper (dezincification). For qras' cast iron, toe

iron (errit) cor o u ot, leaving Just graphito
(raphitization). To !.r(evpnt deZincifiration, USC'-

ofbrasses with i-ore t' in 70 - copper s!nouT d reduce0

th problem. lNethor ductile nor mal leable iron
____ 1__ 1 suf fer ar-p' t i-at ion l ike gray cast iron.IPLUS E, T( N5 C'

DA _-.2028 .p'~csn o.. .Ia ,.c.
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RE COY .,.ENDED CO 21 J 'i LA IO~ ct OO_"

BLAN~K FORMS

i_~
3  

'T ~ lF

PAilT I-ALL FJ3L IA 10O', A 1'

Vdr

ao r ro 1 r r 0r

corrodr. t 1

aio-' r 5
the iicrecso (; ic

c a us ig cv -''r p l
are pre(,fe rat, Ie r!1 i n-,s ' . h

(8)1 S t ru L: >)t , i r :- re
by plumbers, ar, vs u*i,! I1 - .
potable watfor or othor 'r')rC' ', n;j
s ur e. S t res-.s c rs i r'' i,

aCtiofl of a t-p)eci C F -
Whenl PIi pi-I is ijo ri pr

bra ss i n co r Ic t -'1 . .'.... >t I1 1s
behave the svie O.hin sul r- i,
ceri'os ives; - ,SOTp", '' '7- , r
St1,re s -c orreswi1.1rp
qu i c' Ilv, f fe-'; sc';'- ' I ', a a
suit with etiinolr is i-.o 1- 1 f

this; form of corr'lu ;-,

p I oeer 's diSc ro t I -n t,) >01 ,

0 the [,o ri i', hro t,, c,,, - - 11 t,1 rr

thle ri v1 t r~ t 0-K co f' - I lm'ut 1 1t

b~e many raltern n' f trfir 1, 0

fe rin it ert 1 I' rl i e t in

any dcrrrt if ec ut- ri p.) hea j

YP( U NA M . ,PADE k T rT ~ L4'~~ I .N A , .'N
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,__,Paqe 6 of 6

RECOMMENDED CHANGES TO i'LliULICATIONS AND
BLANK FORI-1 t . kpa .r f'.. a n'd

A-, AdeA G C ,.-

PAT I- ,ALL PU IC.A. EXoS , -IPT ,PSTL AC, -, AND BLA.C "oRIS

TM -551K (OF TC 40P-1.l31 ) Nuly 1971 Pl],hinn and Pivpfittinq

trC NCS 24* -- LE 's -:1,.

Ilined with inert or protective co,]tinis, like glas -

teflon, or zimn , ray be used. For lines that are
buried, he should verify whether cathdic erotec-
tion is being ap:lied. This includes the replace-
ment of mamnesiu: anodes in water heaters, and
the operation of both sacrificia7 (miqnesium or
zinc packaqtd anodes) and irnressed-current
(rectifier) cathodic protection systems on buried
mains and laterals.

(10) For more detailed information about
corrosion, see TM 5-811-4, ,' ,,,', c':-n 2 .

and Militiry Standardization Handbook MIL-HDBK-,ZI
(MR), C' ; ' a I ,: ."1 f2rr ,01::,q T.V:-t021f.on of* :'M110 .

Another good general reference is n'y:'r;wf 7",u -
neer:i:c, by Fontana and Greene.'

7 10-9 10-8c() Add: "Severe scaling in a water main should be
reported to main water plant personnel. Thin
unbroken scale is beneficial and prevents
corrosion by forming a protective layer."

8 A-i Add new paragranh: "A-4. Standardized Plumbing
I Codes. Un i !. I' :ic,:,, International

Association of Plumbinq and lechanical Officials,
Los Angeles, latest edition. :zn.L~ , v 1 7,e7 ,-
I c'+', Southern Buildini Code Congress International
Pin ingham, latest ediction. .4 : .-i: ; , Tar'
V w,'+ -, n /.-, iitional Association of Plumbing-
Heating-Cooling Contractors, 'ashinqton, TI.C., and
Encino, CA, latest edition. x+ YA .:a ., T, w-11o;
Cola,, Building Officials and Code Administrators
International, Inc., Chicago, latest edition."

TyPEO NAME. .RAL)E OR TIT"E'L'''N ~ I A., A U T '. SG A T U R
PLU.F , E ' .C'.+

D A -T A .2 0 2 8  "1.. ..P 10... .... ..... -C... III "V . . .
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APPENDIX B:

RECOMMENDED CHANGES TO TM 5-680C

. . .ZU- U - hEM
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RECO,IErDED CHAnGES T~I PUSIIKACATIOrIS AhD
BLANK FORMS

U', Art' y Enqi inoer t'chool ars~ i-cr I-,
Fort Cc vcj i r , VA 220 60 Ctj1S i((,

PART I - ALL PUBLIC T ILNS fE' P 1IS Ar,- -' -

P,IBLICArD', FORM NUMiFR

TH 5-6O3CC Se.p 63 sr il-d I-tri* not It

TEM PACE PARA- ILINE ~~i Th
1  FOIPN F H:

2
>A>4

NO. NO. G11A P,, 11 N.> 1 , , F,) f-N ~- i

1 47 31 ie (1 lner-t the f, a- - r f t' - - conc itiC,,
'l'o~der-at'); d -,es ion conner. tr r- 01r h

haecomparatle ,erlorriance are also aS ni 1:l.e
F i 'lu re 5 6) r( Superi or porfer '- 'n' -- tC U
type of connte'tur has :Jon rcor'r tenj L, T 10 r
sonuiel . Such 1connec tors -I 'arrm nw -- it.Ily better
than split bolts in htic 0l~ or- i iririe ar'-ais.

2 47 31 Add new paragra -n: c 1 .o:pression c 'ririarators ir*,
recommended *,or- splictio' and tcippar it; haumiid or
mari nc -egi ons . It is ci itiral tnit the ]junc1 ,-t Ir
especially if 6 a nwc-. isbinq cnrncttfd, ,ave
sufficient antis oxidajr .( qrfmci to csx-
cludle moisture, dew, or salt accoi'>jlation. N-o. n-'
S p Iic es h a ve pire f i 1 led g r case o n t a i r tt I.; iS~ Il
uniiformoly seal the juo rupcnr ie rs on
whereas others r-equire the electrician to colt
mating surfa-es w-ith antioxidant grrase before
tightening the Joint."

3 47 56 Replace spl it bolt photoqraph with one, of p-n..dei -
actuated wedge connoctor. R -EASON : Sinrce sniaoe
of split bolts is wellI known, the sup,-rior and
less familiar connectors should be shownt.

TyperO NA'E, CAAitCE TITLE ' -- ' 41 ., '

CHRVtITOPUIR IlAllIllPU A' >

Corrosion MetalIlurgist (211) 3 5 26511 [xt Cl (- L
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Hahin, Christopher
Effects of corrosion on military facilities of the

Presidio of San Francisco. -- Champaign, IL : Con-
struction Engineering Research Laboratory ; Springfield,
VA : available from National Technical Information
Service , 1978.

24 p. : ill. ; 27 cm. (Interim report -- Construc-
tion Engineering Research Laboratory ; M-254).

1. Corrosion and anti-corrosives. 2. Presidio
of San Francisco, CA. I. Title. II. Series: U.S.
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report ; M-254.


